UICC, other well-defined asbestos samples and different man-made mineral fibers (MMM) such as glass fiber and synthetic amphibole asbestos were studied in vitro by using rat and guinea pig lung macrophages. These samples had relatively narrow length and diameter spectra.
Introduction
The macrophage plays a central role in the manifestation of inflammation (1) . Furthermore, macrophages are the first target cells with which environmental and occupational dusts come into contact after they have been inhaled into the lung (2) .
Silica, and asbestos fibers, have been recognized as being toxic in in vitro macrophage cell systems and this cytotoxicity is characterized by the release of cytoplasmic and lysosomal enzymes (3, 4) . However, Davies et al. (5) have demonstrated that peritoneal macrophages can also release acid lysosomal hydrolases in the absence of cytoplasmic enzyme secretion, after phagocytosis of chrysotile.
It has been demonstrated that macrophages respond differently to different fibers and doses and that the response is also dependent on the animal species used (6) (7) (8) . However, it is known that the macrophage is an immunocompetent cell which performs a number of functions connected with the defense mechanisms of the lung. Although these im-munological functions have only been poorly examined after fiber exposures (9) , the production of lysozyme and a phagocytic ability are known to be among its capabilities.
The geometrical dimensions of fibers seem to be an important factor in the pathogenesis of both fibrosis and cancer.
Materials and Methods

Cell Cultures of Alveolar Macrophages
Unstimulated guinea pig and rat lung macrophages were obtained by pulmonary lavage using heparinized (8 U/mL) calcium-and magnesium-free phosphate-buffered saline (PBS) (10, 11 The samples prepared by using the technique of Spurny et al. (12) have been defined by length, but those from The Johns Manville Corp. have also been defined by diameter.
Direntruper quartz (DQ12) and electrocorundum with a similar size distribution served as control dusts.
All of the dust samples were weighed and sterilized by dry heat before being suspended in medium by the use of ultrasonics.
Assay Systems
Lactate dehydrogenase (LDH) and lactic acid were estimated by using biochemical test kits (Boehringer GmbH, Mannheim, FRG). (3-Glucuronidase was also measured by using a test kit (Sigma Chemie GmbH, Muinchen, FRG) and the lysozyme concentration was measured by using reagents supplied by Behringwerke AG (Marburg, FRG) .
Phagocytosis was assayed quantitatively by determining the amount of luminescence produced after the addition of serum-opsonized zymosan A particles (Sigma Chemie GmbH, Munchen, FRG). The chemiluminescence was measured after luminol (Lumac, Dusseldorf, FRG) enhancement in a sixchannel apparatus (Biolumat 9505; Berthold, Wildbad, FRG). The results were printed out in counts/ minute (cpm) using a teletype.
Results and Discussion
Modified UICC samples, well-defined fiber fractions and also glass fibers (12) cause release of the cytoplasmic enzyme LDH and the lysosomal enzyme (3-glucuronidase from guinea pig alveolar macrophages after incubation with the relatively low concentration of 100 fibers/cell (Table 2) . At this concentration, we do not find a significant difference between the two parameters. (8) and demonstrate that, at low fiber concentrations, any differential release of (3-glucuronidase relative to LDH is low in contrast to that seen at higher concentrations (6, 7) . Figures 1-3 show the results obtained with 15 new fiber fractions of glass fiber, chrysotile, crocidolite and synthetic fluoroamphiboles, all of which had interesting geometric dimensions. Figure 1 shows the amount of LDH released into the medium in the presence of serum after an incubation time of 20 hr. The results are expressed as a percentage with the cell control equaling 0% and quartz DQ. equaling 100%. Figure 2 gives the equivalent results obtained when serum was absent and Figure 3 shows the lactic acid production, after a similar incubation period in the absence of serum, and the results are expressed as a percentage of the lactic acid produced by the control cells. With samples with a diameter of 3 ,m are not toxic in our system. A comparison of the results obtained when the cells were incubated in the presence or absence of serum gave no additional information on fiber toxicity. Glass fiber caused a considerably lower reduction in lactic acid production in comparison to the chrysotile and crocidolite fiber fractions with similar dimensions. Possibly, the surface properties of the different fibers play a greater role here than in causing the release of cytoplasmic enzymes. The influence of the UICC asbestos samples on lysozyme production was small and was only detected at high concentrations (Fig. 4) . At very low concentrations we found an enhancement of cellular activity. Figure 5 demonstrates the phagocytic activity of alveolar macrophages after 20 hr exposure to UICC asbestos samples and JM 100 glass fiber. Chemiluminescence generated by the phagocytic process was measured after Luminol enhancement. Using this assay it was shown that concentrations of 100 Ag dust/mL caused a significant depression of phagocytosis for all four fiber types. Due to technical problems, only some of the results from this assay could be evaluated. In the future, we plan to investigate the effect of lower dust concentrations and longer exposure times on this test system in order to study the direct influence of dust loading on the phagocytic ability of the cells.
In conclusion, we wish to stress that more fiber fractions with narrowly defined length and diameter spectra are needed in order to make better and more meaningful comparisons between fibers with different chemical compositions.
